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ABSTRACT
A field experiment was conducted during winter (rabi) seasons of 2012-13 and
2013-14 at the experimental farm of the ICAR–Vivekananda Parvatiya Krishi Anusandhan
Sansthan located at Hawalbagh, Almora. The experiment was laid out in split plot design
with four replications. The treatments consisted of two fertility levels viz., unfertilized
control (F0) and recommended dose of fertilizers–60 : 30 : 20 kg NPK/ha (F1) in main plots,
while three sowing methods viz., broadcasting/farmer’s practice (S1), line sowing –manual
(S2) and line sowing with multi-crop planter (S3) in sub-plots. Under poor residual soil
moisture, fertilizer application resulted in higher effective tillers/m2, plant height, yield
attributes, yield and B : C ratio than control. Among sowing methods, multi-crop planter
recorded the highest seedling emergence, number of tillers/m2, plant height, yield attributes,
yield and B : C ratio. Sowing of wheat with recommended dose of fertilizer with multi-crop
planter, which provides simultaneous placement of seed and fertilizer, was very effective
under extremely low residual soil moisture conditions which are basic features during
sowing of rabi crops in the region.
Key words : Economics, fertility level, multi-crop planter, seedling emergence, wheat, yield
INTRODUCTION
Globally wheat (Triticum aestivum L.) is
the most important cereal crop. It is grown
across a wide range of environments around
the world and has the highest adaptation
among all the crop species (Naresh et al., 2014).
In the north-western Himalayas (NWH), wheat
cultivation is confined predominantly on
residual soil moisture (after harvest of kharif
crops) or sown with the receipt of winter rains
which leads to poor germination and crop stand
establishment.
Undoubtedly, fertilizer constitutes an
integral part of improved crop-production
technology (Tariq et al., 2007) and balanced
fertilization is considered a key to the bumper
crop harvest (Singh et al., 2012). The favourable
effects of inorganic fertilizers (NPK) under
rainfed conditions on crop development and
yield components of wheat have invariably been
reported by numerous scientists from globally
justifying a direct relationship between
balanced fertilizer use and crop yields. The
nutrient use pattern in the NWH is much below
than the national average and there is huge
scope for use of inorganic fertilizer in wheat.
Wheat like other field crops responds
differently to various agro-management
practices especially to sowing methods
(Nasrullah et al., 2010). Broadcasting is the
most common adopted sowing method among
hill farmers which not only requires 20-25%
extra seed but also results in erratic and non-
uniform germination leading to improper crop
stand. Therefore, to ensure better and uniform
germination and higher yield under rainfed
conditions, it is necessary to have proper plant
stand. Since early crop establishment is a key
to success in wheat production, drill sowing
method not only ensures uniform seed
distribution and sowing at desired depth but
also results in higher germination and uniform
crop stand (Soomro et al., 2009). Though line
sowing of crops is a suitable alternative to
broadcasting, but owing to the unavailability
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of a suitable sowing device, limits its
accessibility in hilly terrain. Abd El-Lattief
(2014) reported that sowing methods played an
important role in the placement of seed at
proper depth and stand establishment of the
growing crop which ultimately affects crop
growth and productivity. With this background,
the present study was conducted with the
objective of assessing the performance of
rainfed wheat under different fertility levels and
sowing methods.
MATERIALS  AND  METHODS
The field experiment was conducted
during rabi seasons of 2012-13 and 2013-14
at the experimental farm of the ICAR–
Vivekananda Parvatiya Krishi Anusandhan
Sansthan, Almora, India which represents the
mid hills of north-western Himalayas. The site
is located at Hawalbagh (29°36′ N latitude and
79°40′ E longitude) at an elevation of 1250 m
above mean sea level. The soil of the
experimental site was loamy sand with pH 6.1,
0.31% organic carbon, 152 kg/ha available
nitrogen, 19.5 kg/ha available phosphorus and
173.8 kg/ha potassium. The experiment was
laid out in split plot design with four
replications. The treatments consisted of two
fertility levels viz., control (F0) and
recommended dose of fertilizer–60 : 30 : 20 kg
N : P2O5 : K2O/ha (F1) in main plots, while three
sowing methods viz., broadcasting/farmer’s
practice (S1), line sowing –manual (S2) and line
sowing with multi-crop planter (S3) in sub-plots.
The wheat variety ‘VL Gehun 907’ was
sown on very poor residual soil moisture (6.6
to 7.1%) after harvesting of horsegram on 8
November 2012 and 25 October 2013 and
harvested on 15 May 2013 and 22 May 2014,
respectively during 2012-13 and 2013-14. In
treatment S1, 125 kg/ha seed of wheat was
used through broadcasting just before the last
ploughing, while in S2 and S3 a seed rate of
100 kg/ha was sown in rows (row to row
distance 22.5 cm) by making furrows and using
multi-crop planter, respectively. Half dose of N
and full dose of P and K was applied as per
treatments in respective plots as basal
application, while remaining dose of N was
applied at the receipt of winter rains as per
treatments. The other agronomic practices were
followed as per recommended package of
practices for the area. The crop was raised as
rainfed and the total rainfall received was 251.7
and 236.0 mm with 19 and 25 rainy days,
respectively during the two respective crop
seasons.
Seedling emergence was recorded before
and after the receipt of winter rains.
Observations on component traits viz., number
of tillers/m2, plant height, yield attributes and
yields were taken at the time of harvesting of
the crop. Treatment-wise monetary returns
were worked out taking into consideration the
market price of crop produce and inputs used.
Statistical methods based on analysis of
variance technique as described by Panse and
Sukhatme (1985) were employed and the
treatment differences were tested by least
significant difference at 5% of probability.
RESULTS  AND  DISCUSSION
Effect on Emergence and Crop Stand
Seedling emergence before and after
winter rains was significantly affected by
fertility levels as well as sowing methods during
both the years (Table 1). With the receipt of
winter rains, there was substantial improvement
in the germination and seed emergence. The
seedling emergence (%) before winter rains
under recommended dose of fertilizer (F1) was
comparatively lower (4.88 to 42.79%) than
those under unfertilized control (F0) (25.94 to
49.94%) which; however, improved after receipt
of winter rains and was higher (80.38 to
84.38%) than those under unfertilized control
(70.08 to 75.38%). Higher seedling emergence
before winter rains under control might be
because of no fertilizer injury under low soil
moisture conditions.
Among sowing methods, multi-crop
planter performed better than line sowing and
broadcasting in terms of seedling emergence
before as well as after winter rains during both
the years. The sowing with multi-crop planter
ensured better placement of the seed in the
moist zone with minimum load of dry soil on
the seed and thereby higher germination and
seedling emergence even under very poor
residual soil moisture conditions. Mehrvar and
Asadi (2006) also reported that suitable sowing
method helped in seed placement at proper
depth and uniform seed distribution, creating
better seed to soil contact, faster plant
emergence and more homogenous plant stand.
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Fertility levels and sowing methods
significantly influenced the final crop stand at
harvest in terms of number of total and effective
tillers/m2 (Table 1). Application of recommended
dose of fertilizer resulted in 11 to 15.1% and
12.3 to 15.0% higher number of total and
effective tillers/m2, respectively, over control.
Sowing with multi-crop planter resulted in
highest mean number of total tillers/m2 (372.8)
and effective tillers/m2 (262.3) followed by line
sowing and broadcasting. The increased tillers/
m2 with NPK may be due to vigorous growth
and development of wheat due to more supply
and availability of plant nutrients.
Effect on Growth and Yield Attributes
In general, the performance of wheat
in terms of growth and yield attributes was
better during 2013-14 than 2012-13 (Table 2).
Fertility levels could not influence plant height
and spike length significantly during both the
years and grains/spike in second year.
However, fertilizer application resulted in
higher values of these components as
compared to control. Grains/spike during first
year and 1000-grain weight during both the
years were significantly higher in F1 than F0.
The increase in 1000-grain weight due to
fertilizer application was in the range of 6.8
to 8.3%.
Plant height during both the years while
spike length, grains/spike and 1000-grain
weight during first year were significantly
influenced by the sowing methods. Sowing with
multi-crop planter recorded maximum values
of these characters followed by line sowing and
broadcasting. Proper sowing method
encourages nutrient availability, proper light
penetration for photosynthesis (Chang et al.,
1991), good soil environment for soil nutrients
uptake and water use efficiency (Hossain and
Maniruzzaman, 1992), which enhances crop
vigour and yield.
Table 1. Effect of fertility levels and sowing methods on seedling emergence (%) and final crop stand of rainfed wheat
Treatment Seedling emergence (%) No. of tillers/m2
Before winter rains After winter rains Total tillers Effective tillers
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
Fertility levels (kg/ha)
F0–Control 25.94 49.94 70.08 75.38 320.4 347.8 191.0 277.1
F1–N : P : K (60 : 30 : 20) 4.88 42.79 80.77 84.38 368.9 385.3 219.6 311.3
S. Em± 2.33 1.47 2.26 1.64 10.1 7.2 5.2 6.8
C. D. (P=0.05) 10.47 6.62 10.15 7.40 45.7 32.2 23.4 30.5
Sowing methods
S1–Broadcasting 1.75 29.41 71.34 75.16 326.7 350.0 194.0 279.3
S2–Line sowing 6.78 45.72 75.41 80.00 344.1 367.0 204.4 296.1
S3–Multi-crop planter 37.69 63.97 79.53 84.47 363.1 382.6 217.4 307.2
S. Em± 3.30 3.52 1.24 1.71 5.9 4.3 3.4 6.6
C. D. (P=0.05) 10.17 10.86 3.83 5.27 18.3 13.2 10.5 20.4
Table 2. Effect of fertility levels and sowing methods on growth and yield attributes of rainfed wheat
Treatment Plant height (cm) Spike length (cm) Grains/spike 1000-grain weight (g)
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
Fertility levels (kg/ha)
F0–Control 52.92 81.79 6.80 8.77 25.33 37.69 35.79 40.12
F1–N : P : K (60 : 30 : 20) 56.68 84.45 7.48 9.13 29.52 42.89 38.75 42.84
S. Em± 1.10 1.39 0.25 0.14 0.51 1.24 0.08 0.40
C. D. (P=0.05) NS NS NS NS 2.29 NS 0.35 1.79
Sowing methods
BC–Broadcasting 52.74 81.39 6.76 8.82 26.04 39.00 36.50 40.78
LS–Line sowing 54.33 83.00 7.16 8.93 27.34 40.31 37.20 41.42
MCP–Multi-crop planter 57.34 84.98 7.50 9.10 28.89 41.56 38.12 42.24
S. Em± 0.58 0.80 0.10 0.15 0.20 1.00 0.12 0.62
C. D. (P=0.05) 1.79 2.47 0.29 NS 0.61 NS 0.38 NS
NS : Not Significant.
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Effect on Yield and Rain Water Use Efficiency
Fertility levels and sowing methods
influenced the grain and straw yields
significantly during both the years of study
(Table 3). In general, the grain yield was
relatively higher during 2013-14; however,
straw yield was higher during 2012-13
indicating better harvest index during 2013-
14. The increase in grain yield was 21.8 and
25.6% with fertilizer application as compared
to unfertilized control during 2012-13 and
2013-14, respectively. The corresponding
values for straw yield were 17.2 and 14.7%.
Malghani et al. (2010) also reported increase
in wheat yield due to NPK application.
The per cent increase in grain yield due
to multi-crop planter was 8.8 and 18.8,
respectively, over line sowing and broadcasting
during 2012-13; however, the corresponding
increase was 8.7 and 20.2% during 2013-14.
During the first year, sowing with multi-crop
planter resulted in significantly higher yield
than rest of the sowing methods; however,
during second year, sowing with multi-crop
planter resulted in statistically higher yield
compared to that of broadcasting. Similar trend
was observed in the straw yield of wheat. The
increase in straw yield (mean of two years) with
multi-crop planter was 6.7 and 15.4% higher
than line sowing and broadcasting,
respectively. Higher yield under multi-crop
planter sowing method was ascribed to more
effective tillers/m2, more grains per spike,
1000-grain weight and better harvest index.
The results are in close conformity with those
of Soomro et al. (2009) and Abd El-Lattief
(2014).
Overall, the wheat crop utilized rain
water more efficiently during 2013-14 as
compared to 2012-13. The rain water use
efficiency (RWUE) was higher in fertilizer
applied plots than under unfertilized control.
The sowing methods followed the trend multi-
crop planter > line sowing > broadcasting for
RWUE.
Effect on Economics
An account of economic analysis (mean
of two years) such as cost of cultivation, gross
returns, net returns and benefit-cost ratio for
different fertility levels and sowing methods has
been depicted in Fig. 1. Though the cost of
cultivation was 15.4% higher with fertilizer
application as compared to control, the per cent
increase in gross and net returns was 21.5 and
27.3% more with fertilizer application than
unfertilized control. The B : C ratio was higher
(2.18) when fertilizer was applied as compared
to control (2.08).
There were not much differences in the
cost of cultivation due to sowing methods but
huge increase in gross returns, net returns and
B : C ratio was observed. The increase in gross
returns due to use of multi-crop planter was
8.1 and 18.3% higher than line sowing and
broadcasting method, respectively. The
corresponding values for net returns and B : C
ratio were 14.4 and 32.9%, and 7.0 and 14.0%,
respectively. Higher gross returns, net returns
and B : C ratio with use of fertilizer and multi-
crop planter were due to proportionately less
increase in their cost of cultivation as compared
to increase in grain and straw yields of wheat
due to these treatments. Tomar (2004) and Abd
El-Lattief (2014) also reported similar results.
The results indicate that sowing of
Table 3. Effect of fertility levels and sowing methods on yield and rain water use efficiency of rainfed wheat
Treatment Grain yield Straw yield Rain water use efficiency
(kg/ha) (kg/ha) (kg/ha/mm)
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
Fertility levels (kg/ha)
F0–Control 1892 2296 3871 3334 7.52 9.73
F1–N : P : K (60 : 30 : 20) 2305 2883 4526 3825 9.16 12.22
S. Em± 70 49 129 93 - -
C. D. (P=0.05) 313 219 583 419 - -
Sowing methods
BC–Broadcasting 1919 2348 3919 3298 7.62 9.95
LS–Line sowing 2096 2597 4205 3597 8.33 11.00
MCP –Multi-crop planter 2280 2823 4471 3843 9.06 11.96
S. Em± 48 94 78 115 - -
C. D. (P=0.05) 146 289 240 353 - -
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Fig. 1. Effect of fertility levels and sowing methods on economics of rainfed wheat.
wheat with recommended dose of fertilizer
through manual/animal drawn multi-crop
planter, which provides simultaneous
placement of seed and fertilizer, can be very
useful under extremely low residual soil
moisture conditions which are basic features
during sowing of rabi crops in the region.
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